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B ADAPTATION OF FLUX-CORRECTED TRANSPORT ALGORITHMS
FOR MODELLING BLAST WAVES

Blast wave phenomena include reactive and two-phase flows associated
with the motion of chemical explosion products; the propagation of shocks,
rarefaction waves, and contact discontinuities through a nonideal medium
(real air, possibly thermally stratified and containing dust and water
vapor); and the interaction of the blast waves (including boundary layer
effects) with structural surfaces. Flux-Corrected Transport (FCT) represents
an accurate and flexible class of methods for solving such nonsteady
compressible flow problems (Boris and Book, 1976). Coupled with a
nondiffusive adaptive gridding scheme (Book, et al., 1980; Fry, et al.,
1981), it enables complex time-dependent shocks to be efficiently
"captured."”

In models which treat all the physical effects required for blast wave
simlation, truncation errors inherent in the underlying finite-difference
scheme are exacerbated by nonlinear coupling between the fluid equations and
by the greater complexity of the phenomena being simlated. Typical of these
errors are the "terraces" which develop under some circumstances on the
flanks of sloping profiles when the growth of ripples due to phase errors at
short length scales is terminated by the action of the flux limiter. Two
approaches are possible toward eliminating them: improving the short-
wvavelength phase and amplitude properties of the underlying algorithm, and
switching on additional diffusion locally. The latter approach folds
information about the shape of the profile and the nature of the physical
process taking place (e.g., rarefaction) into the switch criterion, thus
changing the FCT technique from a "convective equation solver" to a "fluid
system solver.” In doing this, care must be taken to avoid losing the
accuracy, robustness and problem-independence which constitute valuable
attributes of FCT algorithms (Book, et al., 1981).

Tests carried out on scalar advection of simple density profiles by a
uniform flow field show that terracing does not require either diverging
velocities or discontinuities in the profile, but appears typically (for v >
0) where the first and second derivatives of density have the same sign
(Fig.1). In order to improve the properties of the basic difference scheme,
we propose & new algorithm for integrating generalized continuity equations
over a timesteg 6t. Consider the following three-point transport scheme:

=02 = n(p%,4 = 02 4) + x(9%,, - 202 + o2 .);
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K The arrays {pg} and {pg} are the old and new densities, SJ and 5, are

temporary intermediate densities, and n, 0, x, A, and u are velocity-
dependent coefficients. Here x and A are diffusion coefficients, and u is
the antidiffusion coefficient. In the actual algorithm, ¢3 +1 /ﬁ is corrected

(hence the name FCT) to a value 0‘5 +1/p chosen 80 no extreme in BJ can be
enhanced or new ones introduced in pJ. Previous FCT algorithms had 0 = 0;

the widely used ETBFCT and related algorithms (Boris, 1976) have in addition
K =0, If we define p, to be sinusoidal with wave number k on a mesh with
uniform spacing 8x, so‘that pg = exp (1J8) where B = kéx, then the new

density array satisfies
- 93‘/93 = A = 1-21(n+0)sing +2(x+1)(cosB-1)

- 2u(cosB~1) [1-2i nsinB+2k(cosp-1)].

ﬁ From A we gan determine the amplification a = A and relative phase error R =
(1/eB)tan™"(-ImA/ReA)-1, where € = v6t/8x is the Courant number.

Expanding in powers of B we fing

a=1+ a28

v

+a|‘8h+a686+... 3

R=Ry+Rof2 + Ry + R84+ . . . .
First-order accuracy entails making vanish, which requires that n + 08 =
€/2. Second-order accuracy (q2 = 0) Implies that u=x + A - /2,
Analogously, the "reduced-phase-error" property R2 = 0 (Boris and Book,
1976) determines u = (1-€2)/6, thus leaving two free parameters. One of
these can be used to make R, vanish also. The resulting phase error R(B)
is smll not only as B8 + 0, but also for larger values of B, corresponding to
the short wavelengths responsible for terraces (Fig. 2). The remaining
parameter n can be chosen to relax the Courant number restriction needed to
ensure positivity from € € 1/2 to ¢ € 1. When coded, these changes
necessitate a smll increase in the operation count of ETBFCT along with a
small increase in overhead to precalculate the two new arrays of velocity-
dependent transport coefficients. On advection tests, the new algorithm
completely eliminated terraces (Fig. 3). When applied to the coupled systems
of gas dynamic equations, it produced profiles which closely approximate the
Riemann solution of the exploding diaphragm problem (Fig. 4).

The second approach uses a rarefaction flux limiter (RFL) to eliminate
numerical ripples in strong rarefaction waves. This approach is physically
motivated. Raw anti-diffusive fluxes ¢, p are limited so that
the slope of local flow field profiles decays with time in a rarefaction
vave. In effect, additional diffusion is left in the field to maintain
monotonicity of local slopes. For milti-material calculations a "contact
surface sensor” is needed to detect physical discontinuities and shut off the
RFL locally.

In addition we found that some care was required when applying
generalized continuity equation solvers to a system of equations. Truncation
errors of the various equations can interact, causing undershoots or
overshoots in nonconvective quantities such as pressure. We found that it
was necessary to monotonize derived quantities (pressure, velocity) before
using them in miniml-diffusion transport algorithms.
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The above methodology has been applied to a series of test problems
initiated by a spherical high-explosive (HE) detonation in air. An ideal
Chapman-Jouguet detonation was used to specify the initial conditions;
afterburning was neglected. In the absence of reflecting surfaces,
spherical symmetry is maintained and the calculation remains one-
dimensional. A nonuniform radial grid was used with extremely fine zoning
near the shock front. The grid was moved so that the shock remained
approximately fixed with respect to the mesh. The original version of the
FCT algorithm gave rise to pronounced terraces in the rarefaction region.
This would have rendered any two-dimensional calculation involving shock
diffraction or nonideal effects dubious. The techniques described here
improved the blast wave results considerably. The decrease in phase error
reduced terracing dramatically.

Next, a two-dimensional (2D) numerical calculation was performed to
similate one of Carpenter's (197lk) height-of-burst experiments which used
spherical 8-1b. charges of PBX 94O4 at 51.6 cm. The previous fine-zoned 1D
calculation was used to initialize the problem. It was mapped onto the 2D
grid Just prior to the onset of reflection. The solution was then advanced
in time, with pressure being calculated from a real-air equation of state and
a JWL equation of state for the combustion products. The front of the blast
wvave was captured in a finely gridded region which moved ocutward horizon-
tally. ©Special care was taken to ensure that the grid moved smoothly. The
resulting solution, particularly the curve of peak overpressure vs. range,
was consistent with Carpenter's experimental data (Fig. 8). Although this
calculation represents a reasonable accurate simlation of the double-Mach-
stem region, no doubt improvements can and will be made to numerically model
such phenomena.
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Fig.1 —Rounded half circle used in passive scalar advection tests (a) initially,
and (b) after propagation for 14 cycles using JPBFCT. Note that terraces form
even, as here, in the absence of corners in the profile. Tick marks indicate
computational zones (N = 100).
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Fig. 2— Contour plot of R(8,¢) for new multicoefficient FCT algorithm.
Note R = 0 except for § > 3 n/2. The relative phase error vanishes ex-
actlyfore=1/2ande=1.
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01CY ATTN CODE LS1 J CRAWFO®D
OlCY ATTN L51 @ MLRTHA

COMMANDER
NAVAL ELECTROMIC SYSTEMS CRMMAND
WASHINGTON, NC  2936C

01CY ATTN o4t 117-21

...............




.......

COMMANDER
NAVAL FACILITIES ENGINEFRING COVNMAND
WASHINGTON, DC 293S0

01CY ATTIN CNNF 048

HEACQUAPTERS

NAVAL MATERIAL COMMAND

WASHINGYCM, OC 20240
01CY ATTN MAY 08T7~22

Cr¥vLNDEP

NAVAL NCEAN SYSTEYS CEMTEO

SAN DIEGD, CA 22152
MNCY AYIN CIDE 213 E Corpre
01CY AYT™ CrDE 4471 (TECH LIB)

b SUNIP IMTENDENT
y MAVAI POSTGRADUATFE SCHNCL
MCNTERTY, CA 92949
(DESIRES NC tNhCI CCCUMENTS)
01CY ATTIM CNOE 1424 LIBRARY
O1CY ATYRK G L IMNDSAY

T

CNMMAND ING NFFICE?
MAVAL RFSFARCH L ABORATOOY
WASHINGTOM, DC 20375
(RD £ 2D/™ ATTN COCC 1221 FPR & FPD ATTN CODE 2628 FOR)
O1CY ATTN CODE 4040 J BNRIS
20CY ATTN CPODF 2627 (TECH LI18B)
100CY ATTH CPOE 4C4C T 3CrK

r ererrroy
IS8 7~ Acanaans
e 7~ A

2y

et

CAOMVANNER
MAVAL SEA SYSTEMS CCMMAND
WASHINGTYCN, DC 20362

! NICY ATTMN SEA-NGGE2 (LIR)
01CY ATTM S§Fp-038]

AR S

S AT T

OFEJCER IN CHARGE
NAYVAL SURFACE WEADPTHMS CENTEP

WHIYE £AK LARDPATROY
K SILVEP SPRING, ¥N 2(SIC
2 01CY ATTMN P4s H CLAYZ
" 7CY ATTN CODE F21
N N1CY ATTN (rQE Y211 (TFCH L18)
.

LCOYVANDER
NAVAL SUPFACE WFA9INS CFNTFF
NAHLGPEN, VA 224409

NICY ATTH TECH LISFARY & INFD SVCS SR

18
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PRESINENT
NAVAL WAR CCLLSGE
NEWPORT, ®1 02840 ,
01CY ATTM CNDE E-11 (YECH SERVICE)

COMMANDER

MAVAL ' WE APCNS CENTEPR

CHINA LAKE, CA ca58e
N1CY ATYTM CONE 2291 B CPRDLE
01CY AYTIN CNDE 2¢¢& C AUSTIN
01CY ATTYN CNNF 222 (TECH LIN)

COMMAND ING NFFICE®
NAVAL WEAPONS CVALUATION FACTILITY
KIRTLAND AIR FORCE PASE
ALBUQUERCIIE, MY BT117

OI1CY AYTN R HURHES

01CY ATTN FCDE 1C (TECH LIS)

OFFICE CF NAVAL FESEARCH
ACLINGTON, VA 222197
0LCY ATYN CNNE 474 N PERRNNE

IFEETCE CF TPE CHIEF CF NAVAL DOERATICMS

WASHIMGTON , DL 29267
NICY ATTM "0 ¢ay
017Y ATIN D 026

DIECTCR
STRPATEGIC SYSTEVS PPCJYECT CFFICE
DE2APTVNENT NF THE MAVY .
HASHINGTON, DC 2037¢

01CY ATTM NSP-272

DICY ATTM NSP-42 (TECF LIP)

tATR FOPCE GENPHVSICS LABCRATRRY
HANSCCM AT3, vA N173]
01CY ATTM LW ¥ TECYESON

AI? FORCE INSTITUTE OF TECHNOLOGY
AT® UNTVERSITY
WRIGHT-OATTENSNN AFR, OH 45432
{DOES *CT DESIPE CLASSIFIED DOCUMENTS)
01CY ATTM LYERRASY

HCADQUAPTER S
AI™ FORCF SYSTEMS CCMMANC
AMDREWS AFE, DC 2937
ND1CY ATTN NLWm
O1CY ATTM NLW
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:.
; AIR FPRCE WEAPOMS LAPCRATNRY, AFSC
- KIRTL AND AFS8, %™ 87117 .
X OICY ATTM NTFS-C R HENNY
- 01CY ATTN MTEQR--
- 01CY ATYN NTED R MAYALHCCI
% OICY ATTIN MTF M PLAMCANCN
£ O1CY ATTN NT D PAYTCN
01CY ATTIN NTED-A

01CY ATTN NTTS-6

01CY ATTN SUL

. 01CY ATTN NEY

ﬁ 01CY ATTN NTES-§
010y ATTN NTEC

01CY ATTN NEV

[ DIPEC TP
o AIR UNIVERSITY LT1aRARY
b NEIAPTVYENT OF THF AIR ECPCGE

MAXWELL AFA, At 26112
(PESIFFS NC CNWRY)
01CY ATTN AUL-LSE

: ASSISTANT CHIEF CF STAFF
h INTELLIGFNCE -
& NEP AP TMENT OF THE AIR FORCE
. WASHINGTON, DC 2032(

01CY ATTN IN RM 4A932

B ASSISTANT CHIEF CF STAFF
ﬁ STUDIFS & AMALYSES
DECA® TMENT OF THE AIR FORCE
WASHINGTCM, DC 212320
O1CY ATTN AF/SAMT (TECH LIS)

ASSISTANT SECRFTAPY 0F THF AF
RESEATRCH, ODEVELOPMENT € LNGISTICS
DEPARTHAFMT OF THE ATR FCRCT
WASHINGTCM, OC 2233C
D1CY ATTN SAFALC/CEP FOR STRAY & SPACE SYS

BALLISTIC MISSILE YFFICE/"N
AT® FOPCE SYSTN¥S LCVWANC
MOTC™ ARB, CA 6?7409
(VIMUTEMAY)

AICY ATTM “NMYH 5 FALANSKY
kS NDICY ATTN MNMXH ¥ CELVECCHION
’ O1CY ATTN NN © CFABTREE
e 0O1CY ATTN ¥MMYH D GAGE
DICY ATTM WNMY




-----------------------

.................

NEOUTY CHIEF OF STAFF
PESEARCH, CEVELCPMNEAT, € ACC
NEPARTMENT NF THF AIR FCPCF
WASHINGTCOM, DC 20230
01CY ATTN AFROQT N ALFXAKDRCW
01CY ATTN ArRQDON
91CY ATTN AFPDQIL

NESUTY CHIEF OF STAFF
LNGISTICS € ENGINFERING
NEPARTMENT DF THE AIP FCRCE
WASHINGTCNM, DC  2032C

0ICY ATTN LEFF

& COMMANDER
? FOREIGN TFCHNOLNGY CIVISION, AFSC
WRIGHT-DATTEPSNN AFE, OF 454313
OICY ATTN MITS LIPRARY
: COMMANNER
-y pPAvE AIR DEVELTPMENT CENTER, AFSC
- SRTEFISS AF3, NY 13441

(CESIPFS NC CNWDT)
NICY ATTN TSLE

NEPAP TMENY NF THF AIP FOPCE

. OFFUTT AfFB, NB 6R113

- O01CY ATTN NRI-STINFO LIBP23Y
X 01CY ATTN XPFS '

§ STRATEGIC AIR COVMANC

3 N1CY ATTN IMT J MCKINNEY
F VELA SEISYOLOGICAL CENTER
212 VONTGRvERY STREET

ALEXANDIRA, VA 22314
OlCY ATTN G ULLPICH

) DEDAP THENY OF EMERGY .
- AL SUCUEECUE OPERATICAS CFFICF
i P £ BNX 5409
AL3UQUERQE, Nt 87115

ol1CY ATTN CTID

L DEPARTUENT NF ENEPGY .«
= WASHIMNGTOM, NG 20%45
0l1CY ATTN CuA/RCEY

NEPARTMENT 0OF ENERPGY
. NEVADA NPERATINNS OFFICE
A PO BOX 14109
P LAS VEGAS, NV 39114
01CY ATTN MAIL & PECORDS FOR TECHNICAL LIJRPARY
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LAWPENCE LIVE®MDRE NATIGNAL LAB
o P D BNX POR
-2 LIVERMORE, CA 94550
& NICY ATTN L-9C R DCMG
! 01CY ATTN 1.-205 J HEAPST (CLASS L-203)
‘ O1CY ATTIN L-90 N MCPRIS (CLASS L=504}
01ICY ATYTN L-7 J KAEN
01CY ATTN D GLEMN
DICY ATTIN L 437 R SCHCCK
‘ 91CY ATTN TECHNICAL IKFO DFPT, LIBRARY
N O1CY AYTN L=2C0 T BLTKOVICH

LPS ALAMDS NATIOMAL SCIFNTIFIC LAB
VAIL STATINN S100
. P N BOX 1563
LNS ALAMOS, MY RT7545
b! (CLASSIFIED CNLY TC ™MAIL STATICN 5000)
- NICY ATTM P WEITTAKER
01CY ATTN C KELLER
01CY ATTM M T SANFORD
01CY ATTN MS 2&4 (CLASS REPNRTYS LIB)
01ICY ATTN E JONES

¥ T

.~{ }T v .r‘<.r

& LOVELACE BINMFDICAL £
- ERV IPONMENT AL RSCH INSTITUYE, INC.
P O BDY 5890
ALBUQUFROQIF, NV P7115
01CY ATTN © JONSS (UNCL CALY)

DA¥. PINCE NATIOMAL LABCRPATORY
NJCLEAR DIVISIOM

X~10 LAB RECORDS DIVISION

P O BOX X

CAX PIDGE, TM 27830

- 01CY AYTN CIVIL DEF RES PROJ

3 01CY ATTN CENTRAL RSCH LIBRARY

SAMNTA LABCRATNPTES

LIVERVNRE LABQRATNRY
o o g £0X 969
N LIVEFM“ORE, CA 94559
N NICY ATTM LIBFARY £ SECUPITY CLASSIFTICATICK OIV.
Y

............
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘




SAYDIA MNATIONAL LAB
PO BNX 5800
ALBUIUERNUE, N 8T19S
(ALL CLASS ATTN SEC CHNTPOL NFC FOR)
01CY ATTN A CHAJAM
N1CY ATYN L HILL
C1CY ATTN C2G 1250 W BROWN
O1CY ATYN A CHABIA
NICY AYYN W PCHERTY
0CY ATTY 2141
O01CY ATTN L VORTMANM
01CY ATTN J BENISTER

CEMTRAL IMTELLIGEMCE ASERCY
WASHIMGTOYN, DC 275CS
01CY ATTN OSWP/MECT

DEPARTMENT NF THE TNTERICP
RUREAY CF MIMES
BLDG 2N, DENVET FFDEPAL CENTFP
DENVER, C0O 80225
(CUNCL CNLY))
O1CY ATTN TECFKF LIP (UNCL CNLY)

DIPECTOR
FEDERAL EMERGFNCY MBNAGENMENT AGENCY
NATIONAL SEC OFC MITIGATION & RSCH
1725 1 STREET, N¥
WASHINGYOM, DC 29472
((ALL CLASS ATTN B1C5 DCC CCNTRCL FCR))
Q1CY ATTN MITIGATICN £ RSCH DIV

ACNIOEX (NP,

425 CLYDF AVFNUC

VCIINTAIN VIEW, CA Q4N42
N1CY ATTN C WCLF

LERQSPACE COPP,

P 0 BOX 92957

' LOS ANGELFS, CA S0009

N1CY ATTN H MIRELS

N1CY ATTN TECHNICAL INFCPMATICN SSRVICES

pr—y L ASEAAD A AN
. . .

. AGBRABIAN ASSOCIATES
9 259 N NASH STREEY
EL SFGUNDG, CA 90245

B NI1ICY ATTN ™ AGBARIAN

ANALYTIC SEOVICES, INC.

- 400 ARMY-NAVY MO IVE

| 2N APLINGTON, VA 22202

~ NICY ATTN G HESSFLBRACHE®




APPLIED PESEARCH ASSICIATES, INC
2601 WYCHMING RLVD NE SUiTE E-1
ALRUQUERDIE, N P7112

OI1ICY ATTM J FRATTICHM

DICY ATTN M FIGHINS

APDLIED THEN?Y, INC.
101N WESTWONN PLVC
LS ANGFLES, CA SGN24
{72 CYS IF LNCLASS CP 1 CY [IF CLASS)
O1CY ATTN J TRULIPD

APTYEC ASSNCIATES, INC.
26046 EDEN LAMDING POAD
HAYWARD, CA 94545

21CY ATTIM S GILL

ARTRCN FESARPCH & ENGINFERING

1901 OLD MICPLEFITLC WAY 415

MOINTAIN VIEW, TA 64043
01CY ATTIN J HUNTINGTCN

AYCOQ RESFARCH £ SYSTEMS CROUP
201 LOWELL STREET
WILMINGTOM, MA 11837
JICY ATT™ LIBRAPY Af3D
-

\) BO¥ COPP.

. 7915 JONES BPANCH DRIVE
MCLEAM, VA 22102

o DICY  ATTN A [ AVAGNINC

& DICY ATTIN T MEIGHECPS

ié 01CY ATTN CORPRRATE LIERAPY

S ROM rNRD,
o N BOX 9274

2 ALAUQUERNUE, N¥  B8711%
: 0LCY ATTN R HENSLEY
1

- BNEIMG CO.

PO ENX 3707
SEATTLF, WA Qr124
01CY ATTN S STRACK

1 O1CY ATTN AFRCSPACE LIBRARY
v 01CY ATYTN M/S 42/37 R CAPLSON
¥
- CALIFORNIA PESEAPCH £ TECHMOLOGY, INC.
- 626S VARPTEL AVENUE
- WwNODL AND HILLS, CA $1267
- NICY ATTN LTBPARY
N 01CY ATTN K YREVEMHAGEN

01CY ATTN M ROSENEBLATY

v
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CALIFORNTA RESEAPCH & TECHNCLCARY, IRC.
4049 FIRST STRFETY
LIVEFEMORE, CA ©45%50Q0

nlCY ATTN 3 PRDHAL

CALSPAN rNR5o,

o g 80X 47N

BIIFFALD, NY 14225
OLCY ATTN LIPRA™Y

PEMVER, UNIVESSTITY CF
COLECPADD SEMINARY
DEMVER PESFARCH INSTITUTC
PO POY 12127
DEMVER, CO  8N21N
(CNLY 1 COPY OF CLASS RPTS)
ND1ICY ATTN SEC NFFICFR FCP J WISOTSKI

EGELG WASH, AMAI YTICAL SVCS CYP, INC.
P 3 roY 1021R
ALBUYIUERNUE, NM B7114

NICY ATTN LIBFRARY

FRIC H, YANG
CIVIL ENGINEEPING PSCH FAC
UMTVERSITY OF NTW MEYICE
UMIVERSTITY STATICN
PN DY 25
ALBUCHERAQUE , N” 87171
01CY ATTM J LAMB
01CY ATTYN P LCNOE
01CY ATTN N RA!M
01CY ATTN J KOVARNKA

Gl\oni [NCQ
7449 N NATCHEZ AVEMLUE
NILES, TL 69648
01CY ATTN G NLISHAPDT (1MCL ONLY)

GENES AL FLECTRIC Cf.

SPACE DIVISION

VALLEY FPPRGE SPACF CENTER

oD 0 BNX 8555

PHILADELPHIA, PA 19101
01CY ATTN ™M BOFTNEP

GENERAL RESEARCH CORP.

SANTA BRARRARA DIVISICM

P O BOX 6770

SANTA RARBARA, CA 92111
01CY ATTN TIO
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H-TECH LABS, INC.

P O BCX 1686

SANTA MCNICA, CA 20406
C1CY ATTN 8 HAPTENCALY

HORIZOMS TECHNOLOGY, INC,
7930 CLAIPEMONTY MESA BLVD
SAN DIEGO, CA ©°2111

n1CY ATTN R KPUGER

11T RESEARCH INSTYITLTE
17 ¥ 25TH STRPEET
CHICAGN, TL 60¢€l6
01CY ATTN R WELCF
01CY ATTN M JCHNSCN
01CY ATTN DOCUMENTS LIEBRARY

INFCOMATIOM SCIFNCE, INC.

123 w OADRF STOEET

SANTA JA9BAPA, CA 22105
01CY ATTN W PUDZ 1AK

INSTITUTE FOP DEFENSE ANALYSES
430 ARMY-MAVY DRIVE
ARLINGTON, VA 22202 .

O1CY ATTN CLASSIFIED LIBRARY

J N HALTIWANGER CCNSLLT ENG SVCS
RYM 1064 CIVIL ENGINEEPIAG BLCG
208 N ROMINE STPEET
HesaANA, IL 61R01

N1CY ATTN W HALL

Jeo He WIGGINS CC.o» INC.

1650 S PACIFIC CCAST FISHWAY

REDONDN BEACH, CA SC277
01CY ATYN J CCLLINS

KAMAN AVIOYNF
B2 SECOND AVENUE
NORTHWEST INDUSTPIAL PARK
BIRLIMGYCM, MA 01903
0I1CY ATTIN P PUETENIK
01CY ATTM LIDRARY
Ol1CY ATTN N HORBS
0ICY ATTN £ CPISCICNE

KAMAN SCIFNCFS CCPo,

DN RNYX 7463

crLorann) SPRINGS, CC 8097
O1CY ATTM D SACHS
01CY ATTN F SEELTCN
NICY ATTN LISRARY
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PO S )

KAMAN TEMPO
R16 STATE STREEY (P O DRAWER 0N)
SANTA BARBARA, CA 92102

01CY ATTN DASIAC

LOCKHEED MISSILES & SPACE CC., INC.
P 00X 504 '
SUNNYVALE, CA 94086

01CY ATTN J WEISNER

NICY ATTN TIC-LTEBRARY

MARTIN MARIETTA CORP.

P O BOX 5837

DPLANDD, FL 32855
01CY ATTM G FCTIFC

MARTIM VAPIETTA (CQRF,

o 0 BOX 179

DENVEP, CON AN20]
01CY ATIN G FREVER

vCNCMNELL CC''GLAS CCPRP.

$371 BOLSA AVEMIE

HUNTINGTCN 8SACH, A S2647
NICY ATTH Y HERNMAN
NICY ATTN R HALPRIN
01CY ATTM D DFAN

MCNOMNELL DONGLAS CORP. .

3955 LAKEWOND BOULEVEARD

I.LONG BEACH, CA Q0 E4¢E
01CY ATTN M POTTER

MERRTTT CASES, INC.

P N BOX 120¢&

REDLANDS, CA 92373
01CY ATTN J MERRITY
01CY ATTM LIPPARY

METECRCLCGY RESEARCH, INC.
466 W WOCNBUPY RCAD
ALTADEMA, CA 91001

n1CY ATTN W GREEN

MISSICON PESEARCH COR?P,

P O DPAWEE 719

SANTA BARBA®A, CA 92107
(ALL CLASS: ATTN: SEC NFC FOP)

NDICY ATIN C LONGMIPE

01CY AYTN G MCCARTCR




......

OACIFIC-STERRA PESTAOCH CNFo,
: 1456 CLCGVERFIELD BLVE

o SAMTA MCNICA, CA ©14C4

01CY ATTN 4 BOPQNE

PACIFIC-STERPA PESEARCH CNPP,
WASHINGTCN NPERATICNS
1401 WILSON 8LVvD
SUITE 1100
ARLINGTCN, VA 22209
01CY ATTN D GORMLEY

PACTIFICA TECHNCLCSY

P 0O BDOX 148

DEL "AR, CA 921014
01CY ATTN R R JCRK

01CY ATTN G XENT
O1CY ATTN TErE LIPFRAPY
: PATFL FNTERPRISES, INC.
- P 0O BOX 3531
; HUNTSVILLE, AL 3541C
Hy D1CY ATTN M PATEL
P
- PHYSICS INTERMATICNAL CO.
2 2700 MERCED STPEET
) SAN I_LEANDRD, CA €4577
OlCY ATTN L PEHRMAMN
01CY ATTM TECENICAL LIAPAPY
OICY ATTN E MCORE
N1CY ATYM ] TprosQEeEN
21CY." ATTN F SAUFR
o £ N ASSPCIATCES
2 0 PNX 0655
VAPINA CFL RFfYVY, CA 60291
NICY ATTN R 920NpPT
01CY ATTN A KpHL
J1CY ATTN J LFwTIS
N1CY ATTN W WRIGHT
01CY ATTN J CACPENTER
ClCY ATTN TECEMTCAL TNFOCPVATICN CENTER
PAND COPP,

1700 MATIN STPELT
SAMTA “CNICA, CA €04Cé
01CY ATTN C “Cv

SCIENCE APPLICATIOMS, INC
SADTATION INSTRUNENTATICNM N1V
4615 HAWKINS, NC
ALBUQUFENUE, NV 971(9

DICY ATTIN J NDISYCN
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SCIFNCE APPLICATICNS, INC.

PN R’JX 2351 '

LA JCLLA, CA 62Nn30
21CY ATTN W WILSCN
01CY ATTN TECENTICAL LIRRARY
21CY ATTN ? SCHLAUCG

STIENCE APOLICATIONS, 1INC.
191 CCHTINENTAL ELVYD
FL SEGINNN, CA 90245

21CY ATTN D HCVE

SCIENCE aoOoLICATIINS, INC.

245" WASHIKNGTCN AVEMLE

SAN LEAMDRC, CA 94577
0ICY ATTN D BERNSTEIN
J1CY ATTN D MAXKELL !

SCIENCE APPLICATICNS, INC.
P 0 eaNX 1303
MCLEAN, YA 22102
0ICY ATTIN J CCCKAYNE
01CY ATTY B CHAMBEPS I1I
01CY AYTN M KNASEL
01CY ATTIN W LAYSCN
01CY ATTMN R SIEVERS

SOUTHWEST RESEAPCH INSTITUTF
" C DRAWER 282510
SAN ANTCONIN, TX 78284

01CY ATTN A WENZEL

01CY ATTM W BAKER

SRI INTEPNATICNAL

333 FAVENSWOrD AVENUE

MENLC PARK, CA 940?25
NICY ATTN 6 APRAHAVSCA
OICY ATTN LISPARY
N1CY ATTYN J CCLTCN

SYSTFMS, SCIENCE £ SCFTWARE INC
P O 20X 8241
AL BUDQUERNDIIE N4 87198

21CY ATTN C MEENHAM




SYSTEMS, SCIEMCE € SCFTWARE, INC.

P O BNX 1620

: LA JGLLA, CA 92038

- O1CY ATTN J BARTEEL

i D1CY ATTM T RINFY

g 0I1CY ATTN D GRINE

8 21CY AYTN LIBPARY

‘ NICY ATTIN C HASTING

: 01CY ATTN K PYATY
NICY ATTN C DISMUXES

H NICY ATTN T CHERDY

- SYSTFMS, SCIFNCE & SCFTWARE, INC.
. 11900 SUNPTSF VALLEY CRIVE

% RESTCMN, VA 22nQ])

,!'~ 01CY ATTIN J MURPHY

TELECYNE DBPOWN ENGINFERING
CHMMINGS RPESEAPCH PARK
HUMTSVILLE, AL 38827

O1CY ATTN J RAVENSCRAFT

- 21CY ATTN J MCSWAIN
-

- TENPA TEK, IMC.

X 420 WAYARA WAY

5 SALT LAKE CITY, LT £41C%
o 01CY ATTN A ABDON-SAYED
DICY ATTN LIPRAPY
21CY ATTIN A JONES
01CY ATTM S GREEN

TETRA TFCH, IMNC.

637 N POSEMEAD BLVD

PASADFNA, CA 91107
01CY ATTN L HVWANG

TRW DEFENSF £ SPACF SYS GROUP

- ONF SPACE PARK

¥ RENNNNO BEACH, CA ©0278

-~ 01CY ATIN N LIPNER

01CY ATT™ TECHNICAL INFORMATICN CENTER
01CY ATTN T MAZZICLA

TRW DEFENSF &€ SPACE SYS GRNUP
® 0 RAX 1310
S&N BERNARDINGC, CA 62402
0ICY ATTN 6 HULCHEP
O1CY ATTN P DAI
01CY ATTN E WCNG
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UMIVFPSAL ANALYTICS, INC.

774N W MANCHESTER 8LVC

PLAYA DEL REY, ra 9(C2€!)
01CY ATTN E FIELD

WEINL INGER ASSNC., CCNSULTING SNGINEERS
117 E 59TH STREET
NEAX YORK, MY 10722

O1CY ATTIN I SANDLEP

01CY ATTN M PARQN

WEIDL INGER ASSTC.s CCNSLLTING ENGINEEPS
3900 SAND HILL PCAD
MEMLC PARK, CA <4025

01CY ATTN J ISENRERG
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